I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Pulmonary hypertension (PH) is defined as a mean pulmonary arterial pressure ≥25 mmHg.\[[@ref1]\] Unclear or multifactorial mechanisms such as hormonal and metabolic derangements associated with chronic kidney disease (CKD) might lead to pulmonary arterial vasoconstriction and increase in pulmonary vascular resistance with resultant PH in these patients.\[[@ref2][@ref3]\] The gold standard for diagnosing PH is right heart catheterization (RHC),\[[@ref4][@ref5]\] but this is invasive, costly, and not readily available, so transthoracic echocardiography, which has a good correlation with RHC, is recommended for PH screening using derived mean pulmonary artery pressure (mPAP).\[[@ref6][@ref7][@ref8]\] Similarly, tricuspid annular plane systolic excursion (TAPSE) on M-mode echocardiography provides a simple but specific method for systolic functional assessment of the right ventricle (RV) and correlates excellently with right ventricular ejection fraction as assessed by radionuclide ventriculography.\[[@ref9]\]

PH occurs frequently in patients with CKD as several studies based on echocardiographic evaluation of mPAP have reported a prevalence of 30%--60%.\[[@ref10]\] It is usually asymptomatic until right ventricular dysfunction begins to manifest by worsening fatigue, dyspnea, and syncope.\[[@ref4]\] Di Lullo *et al*.\[[@ref11]\] reported that about 20% of a cohort of adult hemodialysis patients had right ventricular dysfunction as shown by low TAPSE values (\<15 mm). These reports are mainly from the adult population as there is a paucity of data on the prevalence of PH through mPAP elevation in children with CKD despite the fact that children are not spared as Sharma *et al*.\[[@ref12]\] reported PH in a 15-year-old boy with end-stage renal disease on chronic hemodialysis. Adiele *et al*.\[[@ref13]\] reported echocardiographic findings in children from southeast Nigeria but neither reported PH nor right ventricular dysfunction in them.

The current report aims to determine the prevalence of elevated mPAP in children with CKD compared with matched controls and to ascertain the relationship between mPAP elevation with right ventricular dysfunction and history of hemodialysis.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study was carried out at the Aminu Kano Teaching Hospital (AKTH), Kano. Eligible children with CKD hospitalized or attending the pediatric nephrology clinic were recruited after due written informed parental consent and verbal assent from children aged 7 years and above.

Study design {#sec2-1}
------------

This was a cross-sectional/comparative study.

Inclusion criteria {#sec2-2}
------------------

Cases -- Children with CKD defined as either kidney damage or estimated glomerular filtration rate (eGFR) \<60 ml/min/1.73 m^2^ for ≥3 months. Kidney damage is defined as structural or functional abnormalities of the kidney, manifested by pathologic abnormalities or markers of damage, including abnormalities in blood or urine tests or imaging studies.\[[@ref14]\]

Controls

Apparently healthy children with no obvious renal disease of the same number were matched for age and gender. They were obtained from the Pediatric Outpatient Department of AKTH.

Exclusion criteria {#sec2-3}
------------------

Children with preexisting acquired or congenital heart disease were excluded from the study.

Ethical considerations {#sec2-4}
----------------------

Informed consent was obtained from the parents/guardians and assent from study participants aged 7 years or older. Approval of the Ethics and Research Committee of the AKTH, Kano, was obtained before commencement of this study.

Sample size {#sec2-5}
-----------

Sample size was determined using the prevalence of PH of 8% in CKD patients reported by Pabst *et al*.\[[@ref15]\] in Germany and a population of 30 children with CKD seen at the study center over the study period. Minimum sample size obtained was 23.5. Consecutive participants who met the inclusion criteria were recruited for this study.

Echocardiography {#sec2-6}
----------------

Two-dimensional, M-mode, and Doppler echocardiograms were performed on all patients and controls using a SonoScape SSI-8000 cardiac ultrasound system with 3.5 MHz and 7.5 MHz transducers for older and younger children, respectively.

With each participant in steep left lateral decubitus position, tricuspid regurgitation was assessed in apical 4-chamber, parasternal short axis and parasternal long axis views, and the highest velocity was determined. Color flow Doppler was applied to visualize tricuspid regurgitation and to facilitate the alignment of the continuous wave Doppler beam. The peak velocity of tricuspid regurgitant Doppler flow signal was recorded. The transtricuspid peak pressure gradient was also automatically generated by the echo machine, and this corresponds to the pressure obtained from the modified Bernoulli equation.\[[@ref16]\] Pulmonary artery systolic pressure was quantified by adding the generated peak pressure gradient to the estimated mean right atrial pressure. By applying the Chemla *et al*.\'s\[[@ref17]\] regression equation: (0.61 × PASP) +2 mmHg, the mPAP was derived for each participant. Cutoff value for elevated mPAP was set at ≥25 mmHg.\[[@ref1][@ref18]\]

TAPSE was measured from standard apical 4-chamber view by placing an M-mode cursor through the lateral tricuspid annulus and measuring the length of longitudinal motion of the annulus at peak systole.\[[@ref9]\] TAPSE was indexed to the body surface area in m^2^, compared with published normal values for age, and adjudged to be impaired if below the normal range for age.\[[@ref9]\]

Laboratory samples {#sec2-7}
------------------

Serum creatinine levels of study participants were determined. The eGFR was calculated for each of the patients using the modified Schwartz formula.\[[@ref19]\]

Statistical analysis {#sec2-8}
--------------------

The data collected were analyzed using the Statistical Package for Social Sciences (SPSS Inc., Chicago Illinois, USA) version 16. Continuous variables were tested for normality using the Shapiro--Wilk test. Student\'s *t*-test or Mann--Whitney U-test was used to compare the means or median, respectively, of measurements between groups depending on the normality of the data. Frequencies were compared between groups using Chi-squared or Fisher\'s test where necessary. Level of significance was regarded as \< 0.05 at 95% confidence interval.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 21 patients with the same number of controls met the inclusion criteria and were studied, making a response rate of 89.4%. There were 15 males and 6 females in the CKD and control group, respectively, with M:F ratio 2.5:1. Three children (14.3%) with CKD had undergone at least 1 session of hemodialysis. The respondents\' median age (interquartile range \[IQR\]) is 10 (7.0--12.0) years. Although controls were taller -- 135.0 (IQR: 122.0--144.8) cm and heavier -- 27.40 ± 9.9 Kg than patients -- 130.0 (IQR: 113.5--137.5) cm and 25.40 ± 6.2 Kg, respectively, these differences were not significant (*P* = 0.11 and *P* = 0.45, respectively).

The median mPAP of the patients, 27.69 (IQR: 18.3--36.1) mmHg, was significantly higher than those of the controls, 14.55 (IQR: 13.5--17.1) mmHg (*P* = 0.002) \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. Of the CKD patients, estimated right atrial pressure of 5, 10, and 15 mmHg was present in 10, 8, and 3 patients, respectively, while 17 of the controls had 5 mmHg and 4 of them had 10 mmHg. The patients had less TAPSE than the controls (2.22 ± 0.5 cm *vs*. 2.42 ± 0.3 cm), but this difference was not statistically significant (*P* = 0.11).

###### 

Mean pulmonary artery pressure and tricuspid annular plane systolic excursion compared between children with chronic kidney disease and matched controls

  ---------------------------------------------------------------------------------
  Parameter           CKD (*n*=21)   Controls (*n*=21)   Test statistic   *P*
  ------------------- -------------- ------------------- ---------------- ---------
  mPAP mmHg,\         27.69\         14.55\              −3.11^\#\#^      0.002\*
  median (IQR)        (18.3-36.1)    (13.5-17.1)                          

  TAPSE cm, mean±SD   2.22±0.5       2.42±0.3            −1.64^\#^        0.11
  ---------------------------------------------------------------------------------

^\#\#^Wilcoxon rank-sum test statistic, ^\#^Independent *t*-test statistic, \*Statistically significant. mPAP=Mean pulmonary arterial pressure, TAPSE=Tricuspid annular plane systolic excursion, CKD=Chronic kidney disease, IQR=Interquartile range, SD=Standard deviation

![Elevated tricuspid regurgitant jet velocity](JCE-28-109-g001){#F1}

Patients with elevated mPAP had a lower eGFR (85.40 ± 59.0 ml/1.73 m^2^/min) compared with the controls (102.15 ± 57.9 ml/1.73 m^2^/min), but this difference was not significant (0.52). Although declining eGFR and lower TAPSE values were related with rising mPAP (*r* = −0.29 and − 0.45, respectively), these relationships were not statistically significant (*P* = 0.28 and 0.08, respectively).

Elevated mPAP was found to be more common in girls (66.7%) with CKD when compared with their male counterparts (33.3%) *P* \< 0.001 \[[Table 2](#T2){ref-type="table"}\]. Participants with mPAP elevation did not differ with respect to duration since diagnosis of CKD (*P* = 1.00), but those with a history of having been dialyzed were less likely to have elevated mPAP (*P* \< 0.001).

###### 

Participant characteristics and the presence or absence of pulmonary hypertension

                      PH (*n*=9)   No PH (*n*=12)   *P*
  ------------------- ------------ ---------------- -----------
  Gender (%)                                        \<0.001\*
   Male               5 (33.3)     10 (66.7)        
   Female             4 (66.7)     2 (33.3)         
  Duration CKD (%)                                  1.00
   \<1                4 (44.4)     5 (55.6)         
   1-2                3 (37.5)     5 (62.5)         
   \>2                2 (50.0)     2 (50.0)         
  Ever dialyzed (%)                                 \<0.001\*
   Yes                0 (0.0)      3 (100.0)        
   No                 9 (50.0)     9 (50.0)         

\*Statistically significant. PH=Pulmonary hypertension, CKD=Chronic kidney disease

The prevalence of RV dysfunction in CKD was 9.5% and 0% in controls (*P* = 0.49). Right ventricular dysfunction was significantly more common in patients with elevated mPAP compared with those with normal mPAP (*P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\].

###### 

Relationship between impaired right ventricle function pulmonary hypertension among children with chronic kidney disease

             Impaired RV function (*n*=2) (%)   Normal RV function (*n*=19) (%)   *P*
  ---------- ---------------------------------- --------------------------------- -----------
  PH                                                                              \<0.001\*
   Present   1 (11.1)                           8 (88.9)                          
   Absent    1 (8.3)                            11 (91.7)                         

\*Statistically significant. RV=Right ventricle, PH=Pulmonary hypertension

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Children with CKD were found to have a significantly higher mPAP than controls, and the prevalence of elevated mPAP in the CKD patients in this study is 42.9% compared to 0% in the control group. Hence, mPAP elevation is present in more than two in every five children with CKD in the cohort studied and absent in the controls. It can be said that the prevalence of elevated mPAP in the present study falls within the reported range of 30%--60% from previous reports\[[@ref10]\] and so reiterating the fact that mPAP elevation is common in children with CKD. This is alarming as significant PH is not only a relative contraindication to renal transplantation in patients with CKD but also has been associated with increased early allograft dysfunction and reduced patient survival in them.\[[@ref20][@ref21]\] PH could have multifactorial reasons; pulmonary artery blood flow, pulmonary vascular resistance, and pulmonary venous pressure which are determinants of pulmonary artery pressure are variably altered in CKD patients as a result of their hyperdynamic circulation and volume overload.\[[@ref22][@ref23][@ref24][@ref25][@ref26]\] In these patients, their uremic state predisposes them to endothelial dysfunction and synthesis of vasoactive molecules such as endothelin-1 and asymmetric dimethylarginine which is an endogenous inhibitor of vasodilator effect of nitric oxide culminating in elevated pulmonary arterial pressure.\[[@ref27]\]

We observed that mPAP elevation was found to be more common in girls with CKD than their male counterparts (*P* \< 0.001). To the best of our knowledge, this is the first study suggesting a gender-specific risk for mPAP elevation in pediatric CKD patients as Kawar *et al*.\[[@ref10]\] had earlier observed this unaddressed risk.

PH in children with CKD may remain asymptomatic and sometimes even misdiagnosed over a period of time until right ventricular dysfunction begins to manifest by worsening fatigue, dyspnea, and syncope.\[[@ref4]\] We found that RV dysfunction as assessed by TAPSE was more common in patients with elevated mPAP compared with those with normal mPAP (*P* \< 0.001). Raina\[[@ref28]\] in Pittsburgh reported right ventricular dysfunction with TAPSE of 1.6 cm in an adult CKD patient. There is a dearth of reports on the occurrence of RV dysfunction in pediatric CKD patients with elevated mPAP; however, this unfortunate duo of PH and RV dysfunction would portend a dismal outcome in children with CKD.

We observed that children with CKD who had no history of hemodialysis were more likely to have elevated mPAP (*P* \< 0.001). We note this observation with some caution as only three of our patients had hemodialysis, and two of these had only one session of it. Significantly, none of these had elevated mPAP. Di Lullo *et al*.\[[@ref11]\] had earlier observed that single hemodialysis treatment does not have a pathological effect on pulmonary artery pressure values. Other researchers have, however, observed an alarmingly high occurrence of PH in patients with a history of hemodialysis with prevalence ranging from 30% to 58%.\[[@ref29][@ref30][@ref31][@ref32]\] Different criteria for PH definition, means of vascular access for hemodialysis, age, and sample size could account for this glaring disparity. Fabbian *et al*.\[[@ref29]\] reported that 58.6% of their 29 adult CKD patients on hemodialysis all using arteriovenous fistula as vascular access had PH defined as systolic pulmonary arterial pressure \>35 mmHg. Furthermore, Yigla *et al*.\[[@ref33]\] who defined PH as systolic pulmonary arterial pressure \>45 mmHg reported that of their adult CKD patients, 13.4% had PH before initiation of hemodialysis and 29% after initiation of hemodialysis using arteriovenous shunt as vascular access. All of our CKD patients who had hemodialysis had central venous catheter placed in the femoral vein as means of vascular access instead of an arteriovenous fistula. Beigi *et al*.\[[@ref34]\] reported a positive correlation between mean fistula flow and PAP. It has been reported that PH improved after short arteriovenous fistula compression, indicating that both end-stage renal disease and arteriovenous fistula compression contribute to its pathogenesis.\[[@ref35]\]

In summary, the prevalence of elevated mPAP in children with CKD in our center is 42.9%. Females were more likely to have mPAP elevation than the males, and those who had received hemodialysis treatment were more likely to have normal mPAP. Right ventricular dysfunction was more common in patients with mPAP than those with normal mPAP.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Our findings bring to the fore, a need for routine echocardiographic evaluation for elevated pulmonary pressure in pediatric CKD patients as this may remain asymptomatic till RV dysfunction supervenes. Larger collaborative studies comparing the prevalence of PH in CKD patients (in end-stage renal disease) on hemodialysis with various modes of vascular access with suggest the preferred mode.

Financial support and sponsorship {#sec2-9}
---------------------------------

Nil.

Conflicts of interest {#sec2-10}
---------------------

There are no conflicts of interest.
